the orbitectomy as a marker. The medical and diagnostic imaging records of these patients were reviewed. Data that had been prospectively collected on patient demographics, pathological characteristics of the tumor and its location, surgical approach, extent of resection, postoperative complication(s), and the use and timing of any adjuvant therapy were reviewed retrospectively and patient outcome was ascertained. Major complications were defined as events that extended the patient's duration of hospital or intensive care unit stay, required hospital readmission or further surgical procedures, or permanently altered the patient's KPS score 18 or neurological status. All patients underwent standard preoperative examinations by the surgery and anesthesiology teams, which included routine blood tests (including a coagulation profile), chest x-ray studies, and electrocardiography. Consultation with physicians from the Department of Internal Medicine and specialized preoperative examinations were performed as individually indicated.
Approval for this study was granted by the Institutional Review Board following the standard protocol for retrospective reviews of patient charts and electronic records in accordance with the Health Insurance Portability and Accountability Act.
Statistical Analysis
The Kaplan-Meier method was used to estimate expected patient survival. Univariate and multivariate predictors of overall survival were assessed using the Cox proportional hazards model. Rate ratios and their 95% CIs were computed. Univariate and multivariate predictors of overall survival and surgical complications within 30 days of surgery in the elderly group were assessed using an exact logistic regression (among patients followed for that duration or longer). Odds ratios and their 95% CIs were computed. A probability value less than 0.05 was considered significant. Table 1 .
Preexisting medical conditions or preoperative risk factors were identified in 26 elderly patients (93%) and 13 younger patients (46%) (Fig. 1 ). There was a median of two comorbidities per elderly patient, whereas most younger patients did not have comorbidities (median 0; p Ͻ 0.001). Twenty-two of the 26 elderly patients and eight younger patients (29%) were actively receiving medical therapy for their preexisting conditions. Thirty-one patients (55%), 16 elderly and 15 younger, in this series underwent CFR for recurrent tumors. These patients had undergone a median of one previous surgical procedure (range one-six procedures). The median interval between previous surgeries and the CFR was 2 years (range 0.3-19 years) in the elderly group and 0.75 years (range 0.1-4 years) in the younger control group (p = 0.18).
The surgical approaches varied depending on the tumor location and the involvement of adjacent structures ( Table  2) . Before the CFR, but during the same operation, 24 elderly patients (86%) underwent insertion of a lumbar spinal drain for CSF management and five elderly patients (18%) received a tracheostomy to avoid potential postoperative compromise of the airway. The three elderly and four younger patients who did not have separate facial incisions underwent endoscopic approaches to resect tumor from the paranasal sinuses. In the majority of patients (39 [70%]) purely extradural procedures were necessary; however, three elderly (11%) and five younger (18%) patients required localized resection of the brain to remove invading tumor.
Immediate outcomes post-CFR are shown in Table 3 .
The extent of resection was determined by an intraoperative analysis, a review of postoperative images, and a histopathological examination. Twenty-six elderly patients (93%) underwent gross-total resection; however, in six of these patients microscopy detected positive margins on the frozen section. In the younger group, 24 patients (86%) underwent gross-total resection; in 10 of these patients microscopy detected positive margins. Four patients in the younger group underwent subtotal resections. All patients with subtotal resections had tumor extension into the cavernous sinus, which was not completely resected. All but one elderly and two younger patients, in whom a split-thickness skin graft had been used, had either a free (27 patients [48%]) or local (26 patients [46%]) flap for reconstruction of facial and anterior skull base defects. This was most commonly performed with a free rectus abdominis muscle flap or a local vascularized pericranial flap. There were no intraoperative complications. Major complications occurred in 13 elderly (46%) and nine younger (32%) patients (Table 3 ). There was one death (4%) in each group of patients. One elderly patient with squamous cell carcinoma of the face, which had invaded the orbit and the anterior cranial fossa, experienced pneumonia, systemic sepsis, and multiorgan failure, and died 4 days following surgery. A patient in the younger control group died on postoperative Day 1 of a massive myocardial infarction following resection of a sinonasal undifferentiated carcinoma. The median postoperative KPS score was 90 (range 80-100) in both groups.
During the follow-up period, four elderly patients (14%) and nine younger patients (32%) experienced local recurrence of disease (p = 0.11). At the last follow-up examination, 32 patients were alive and 24 had died (Fig. 2) . The
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Craniofacial resections in elderly patients 937 mean duration of follow up for the surviving patients was 3.3 years (median 1.71 years). The median duration of disease-specific survival was not reached (mean 6.8 years) in the elderly group, although it was 8.3 years (95% CI 0-18.6 years) in the younger group (p = 0.24). The median duration of overall survival was 2.9 years (95% CI 1.2-4.6 years) in the elderly patients and 8.3 years (95% CI 1-15.6 years) in the younger patients (p = 0.76). The 2-and 5-year rates of overall survival were 74 and 42%, respectively, for the elderly group and 64 and 58%, respectively, for the younger group.
Although a univariate analysis could identify only major systemic postoperative complications as a predictor of overall survival in the elderly patients (p = 0.04), subtotal resection nearly reached significance as a predictor of shorter survival (p = 0.06). The multivariate analysis identified the presence of cardiac disease (p = 0.005; rate ratio 8.54, 95% CI 1.89-38.63), major systemic perioperative complications (p = 0.03; rate ratio 5.7, 95% CI 1.07-30.19), and preoperative KPS score less than 100 (p = 0.04; rate ratio 4.44, 95% CI 1.12-17.55) as significant negative predictors of survival (Table 4 ). There were no predictors of local surgical complications in the elderly group (data not shown). In a univariate analysis, it was found that patient age at least 70 years (p = 0.052) was a predictor of major systemic complications when the two groups of patients (elderly and young) were combined, whereas an increased number of comorbidities (p = 0.02) and the presence of epistaxis (p = 0.03) on diagnosis were significant predictors of major systemic complications in the elderly group (Table 5 ). The multivariate analysis identified epistaxis (p = 0.01; OR 14.81, 95% CI 1.93-113.9) and patient age at least 70 years (p = 0.04; OR 5.99, 95% CI 1.04-34.55) as significant predictors in the elderly and combined (elderly ϩ younger) groups, respectively. * ND = not defined; NR = not reached; --= not applicable. † A rate ratio greater than 1 means a shorter duration of survival; a rate ratio less than 1 means a longer duration; 1 means same rate of death as referent.
‡ Referent group, that is, the category to which others are compared.
Discussion
The elderly population may be considered unsuitable for aggressive resections of the skull base because of their increased number of comorbidities and decreased life expectancy compared with younger populations. Nevertheless, the average woman now lives to nearly 80 years and the average man to nearly 75 years, and those individuals who reach 65 years of age can expect another 17 years of life. 32 Patients undergoing CFR may be exposed to multiple potential surgical morbidities that are associated with craniotomy, dural opening, orbitectomy, microvascular anastomosis, free flap transfer, and sinus entry, depending on the extent and location of the tumor. In an elderly population in which patients have a mean of three different diseases concurrently, 11 it is important to examine the impact of such a major surgery. In this study, elderly patients had a mean of two preexisting conditions or three concurrent diseases when the disease for which the CFR was performed was included, in keeping with a previous study of the elderly population. 11 Recognizing the aforementioned data, other authors have undertaken studies in which outcomes and complications have been examined following various major surgeries in the elderly population. In a study of 139 patients who underwent esophagectomy (50 patients Ͼ 70 years old and 89 patients Յ 70 years old), it was found that although there was an increased incidence of cardiovascular and pulmonary complications postoperatively in the older group, there was no significant difference between the two groups in blood loss, transfusion requirements, or duration of hospital stay. 15 Similar results have been found for patients undergoing surgery for rheumatoid disease of the cervical spine or pulmonary resection for lung carcinoma. 25, 27 Experience with surgical outcome following resection of head and neck cancer has also been reported. In a series of 43 patients older than 80 years of age with cancers of the upper aerodigestive tract, Clayman, et al., 7 found that, although there was no statistically significant difference with respect to hospital stay or overall complication rate, there was a statistically significant worse survival rate in the elderly group. When survival in the elderly group was compared with the expected survival of persons of the same age, however, there was no significant difference. Also, even though overall complications were similar between the elderly and younger groups of patients, there were more systemic and fewer local complications in the elderly group than in the younger group, likely as a result of elderly patients undergoing less extensive surgical procedures.
Few reports in the neurosurgical literature have specifi- cally focused on the outcome of elderly patients undergoing tumor resections. The most common intracranial procedure in adults is resection of a malignant glioma. It has been demonstrated that age older than 65 years is an independent risk factor for diminished survival in these patients. 17, 19, 29, 34 Although a significant survival advantage has been demonstrated for younger patients undergoing aggressive resection of malignant gliomas, the same has not been true for elderly patients. 19, 22 This has led some surgeons to recommend a conservative approach in elderly patients with malignant gliomas, which may inappropriately lead to conclusions that patients older than 65 years of age are not good candidates for any aggressive cranial neurosurgical procedure.
In a study of 39 patients who were older than 70 years and harbored either nonfunctional or functional pituitary adenomas, Ferrante and colleagues 12 found that despite a slightly higher anesthesiological risk in elderly patients due to cardiovascular and respiratory comorbidities, there was not an increased complication rate in that group of patients undergoing transsphenoidal surgery. Outcome following surgery was similar to what would be expected for a younger group of patients. Nishizaki and associates 26 studied a group of 78 patients older than the age of 70 years with surgically treated intracranial meningiomas, 30% of whom had harbored skull base tumors, and compared their results with 169 patients younger than 70 years old who were surgically treated for meningiomas. That group found that the percentage of postoperative patients with a poor outcome was slightly higher in the elderly group compared with the younger group (13 and 7%, respectively), but the difference was not statistically significant. The authors concluded that advanced age was not a factor affecting survival; instead survival was most strongly influenced by the patients' preoperative neurological status, histological malignancy, and multiple previous operations. Black, et al., 2 in a study of intracranial meningioma resections with 50% involving the skull base, evaluated surgical complications in a group of 57 patients 65 years of age and older and compared their findings with those in a group of 57 patients younger than 65 years. The local and systemic complication rates were nearly identical in both groups of patients.
Because of the complexities of CFR, which are not similar to other neurosurgical procedures, it is important to compare the results that we have found in an elderly group of patients with those obtained in younger patients. We found that, although elderly patients had a higher incidence of postoperative systemic complications resulting in prolonged hospital stays (Table 3) , the durations of overall and disease-specific survival were not statistically different when compared with those in younger patients. Previous reports of major complications following CFR in younger patients have identified a complication incidence ranging from 26 to 63%. 5, 6, 9, 14, 24, 28, 31 These results are in keeping with our 46 and 32% overall rates of complications in the elderly and younger groups, respectively. In particular, a previous report of younger patients from our institution who underwent CFR, which did not include any of the patients reported here, identified a local complication incidence of 36%. 24 There were three free flap failures in the elderly patients, which required subsequent operative repair. This appears to have occurred at a higher rate in our series than in the series reported by Shestak and associates 30 who describe a free flap success rate of 99% in a group of 72 patients that included 19 patients older than the age of 70 years, 50% of whom had received prior radiotherapy. In our younger patients, however, there were also two free flap failures, indicating that this was not a finding specific to the elderly. The second most common major local complication in our series was a postoperative CSF leak, which occurred in two elderly patients (7%), neither of whom required further surgery for repair; one patient with a CSF leak developed meningitis. There was only one case of symptomatic pneumocephalus, which occurred in a patient in the younger control group and no case of bone flap infection. A review of previous articles, in which complications post-CFR are reported, identified a similar incidence of postoperative mortality (0-10%), CSF leak (5-20%), meningitis (5-10%), and bone flap infection (5-15%). 5, 20, 23, 28, 33 Table  6 offers a comparison of local and systemic complication rates, surgical mortality, and survival for several series of patients who underwent CFR for malignant disease.
There were five cases (18%) of postoperative delirium in the elderly group and only one case (4%) in the younger group. In no case was there evidence of a decreased level of consciousness or focal neurological deficit. Magnetic resonance imaging, including T 2 -weighted sequences, did not demonstrate any evidence of brain retraction injury, cerebral edema, or pneumocephalus. The delirium typically responded to low doses of antipsychotic medications and was believed to be multifactorial in nature. The origin of this delirium probably includes medication interactions, particularly narcotics, prolonged anesthesia, electrolyte imbalances, and possibly preexisting preclinical dementia that was exacerbated in the postoperative period. Elderly patients are known to be more sensitive to interactions of medications and, along with a higher incidence of preclinical dementia, this may account for the increased incidence of postoperative delirium seen in this study. Delirium was considered to be a minor systemic complication because it did not meet the criteria for a major complication previously defined. The multifactorial delirium that we describe here is quite different from that reported by other authors of skull base operative series who have variably described "transient impairment of mental status," 24 "delayed resumption of neurologic status," 8, 28 and "acute brain syndrome." 3 These findings, which are reported to occur in approximately 5 to 10% of patients, have been attributed to excessive or prolonged brain retraction.
In our study, 25% of elderly patients experienced major local complications and 32% had major systemic complications, whereas 21% of younger patients had major local complications and 11% had major systemic complications. The difference in the incidence of systemic complications in the elderly and younger groups was statistically significant (p = 0.05). Compared with most other series, our local complication rate is lower and our systemic complication rate is higher for elderly patients (Table 6 ). This is in keeping with the results we obtained in a comparison of elderly patients and younger patients, in which patient age of at least 70 years was found to be a significant predictor of systemic complications in a multivariate analysis (p = 0.04). This trend of increased systemic and relatively decreased local complications has been reported by other authors reporting surgical series of elderly patients. 7, 15 In contrast, most CFR series focusing on younger patients report exactly the opposite. In their series of 104 patients undergoing CFR, Dias, et al., 8 reported only a 10% incidence of systemic complications with an overall complication incidence of 49% in a group of patients with a mean age of 60 years. The reasons for elderly patients having fewer local complications are unclear and are only partly due to a greater CSF/brain ratio in many elderly patients compared with younger patients, which may protect the brain somewhat from manipulation, either intra-or extradural. It may also be that elderly patients undergo less extensive surgical procedures than younger patients; however, this was not the case in our study.
The mean duration of follow up for the surviving patients in this study was 3.3 years. The surviving patients were weighted toward the end of the study period, resulting in a seemingly short median duration of follow up of 1.7 years. No patient was lost to follow up and recent follow-up data were available for all patients. The 5-year overall survival rate was 42% in the elderly group and 58% in the younger group. The mean disease-specific survival was 6.8 years (median not reached) in the elderly group, whereas the median disease-specific survival was 8.3 years (mean 6.3 years) in the younger group (p = 0.24). For similar patient populations, the disease-specific 5-year survival rate following CFR is approximately 50 to 60%, based on recent reports (Table 6) . 6, 9, 24, 28 The authors of a study from the Memorial Sloan-Kettering Cancer Center reported a median survival of 4.7 years for those patients with malignant disease of the anterior skull base. 28 In this study, a multivariate analysis identified a KPS score less than 100 and the presence of cardiac disease as significant predictors of poor overall survival in the elderly group. Age at least 70 years and epistaxis on presentation were the only significant predictors of systemic complications following surgery (there were no predictors of local complications). Previous studies have identified incomplete resection, need for a free flap, dural invasion, and orbital invasion as factors resulting in poor patient outcome. 3, 6, 9, 10, 14, 21, 23, 28, 33 These were not substantiated in our study. It has also been reported that lesion margins identified by microscopy to be positive for tumor cells are associated with worse survival. 6, 28 This finding has been inconsistent and again has not been substantiated in this study. 10 
Conclusions
In this group of elderly patients 70 years of age and older undergoing CFR for malignant disease, there was no statistically significant difference in the overall incidence of postoperative complications, overall survival, or disease-specific survival; however, there was an increased incidence of systemic complications when compared with a similar group of younger patients. There does appear to be an increased incidence of postoperative delirium in elderly patients and the patient and family should be warned about this prior to surgery. These findings indicate that in a selected group of elderly patients, age alone is not an important factor influencing patient survival following CFR.
